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and everybody will be able to enjoy the book, and not RNAi was coined half a dozen years ago to describe
just those who are quite happy primarily going through a completely mysterious phenomenon in C. elegans
the book by jumping from one tremendously good figure whereby injection of either sense or antisense RNA effi-
to another. ciently inhibited gene function. The following year Andy
As all good things in life take time, we also hope the Fire, Craig Mello, and colleagues showed that the initiat-
next edition will be able to include a few words (and ing agent was actually double-stranded RNA (dsRNA),
many impressive pictures) about the structures and that it acted posttranscriptionally, and that the silencing
mechanisms of enzymes that modify histones and chro- effect could spread between cells (Fire et al., Nature
matin (acetyltransferases, methylases, methyltransfer- 391, 806, 1998; Montgomery et al., Proc. Natl. Acad. Sci.
ases, ubiquitin-transferases/ligases, et cetera) and of USA 95, 15502–15507, 1998). A natural role for RNAi in
nuclear import/export factors, for example. The author C. elegans has not been discovered, although mutation
does have an intriguing chapter on the compartmental- of some genes required for RNAi results in elevated
ization of transcription, for example, yet there are few levels of transposition and desilencing of repetitive
high-resolution structures that one can discuss. How transgenes (reviewed in Tijsterman et al., Ann. Rev.
about a chapter on nuclear import/export? Clearly, there Genet. 36, 489–519, 2002). A similar process called post-
is only so much one can present in 282 pages. And transcriptional gene silencing (PTGS) that also spreads
overall, the author does a great job at conveying his systemically had been carefully documented in trans-
enthusiasm for structural biology. He succeeds in show- genic and virus-infected plants and is now recognized
ing us the giant leaps that have been made in this field, to be RNAi (reviewed in Waterhouse et al., Nature 411,
and leaves us with much thirst for more. 834–842, 2001). PTGS defective mutants are sensitive
It is 50 years since the momentous publication of the to viral infection and plant viruses have activities that
structure of the DNA helix by Jim Watson and Francis hinder PTGS, providing compelling evidence that the
Crick. This represented a great moment in our century’s systemic spread of silencing information provides se-
scientific achievements. But we do not forget that it is quence-specific immunity to uninfected cells. A similarly
also 50 years ago that Max Perutz succeeded in incorpo- satisfactory explanation for systemic silencing in C. ele-
rating mercury heavy atoms into hemoglobin crystals. gans has not yet been proposed, although analysis of
Together with the many bright stars he and others fos- the process has identified a membrane protein that
tered and recruited over the years, he thus helped to transports dsRNA into cells (Winston et al., Science 295,
release a tidal wave in biology whose goal it was to 2456–2459, 2002; Feinberg and Hunter, Science 301,
determine the atomic structures of biological macromol- 1545–1547, 2003). At the close of 1998, RNAi was dem-
ecules. As the presentation speech for Max Perutz’s onstrated in Drosophila and Trypanosomes (Kennerdell
and John Kendrew’s Nobel Prize in Chemistry pointed and Carthew, Cell 95, 1017–1026, 1998; Ngo et al., Proc.
out in 1962, there now was “a firm basis for an under- Natl. Acad. Sci. USA 95, 14687–14692, 1998), initiating
standing of the enormous complexities of structure, of a deluge of reports as group after group showed that
biogenesis and of the functions of living organisms both RNAi was effective in a wide range of invertebrates and
in health and disease.” Sadly, Max recently left us. It even early mammalian embryos (reviewed in Hannon,
remains perhaps a small, but fitting tribute then, that Nature 418, 244–251, 2002). Genetic studies in fungi,
Tsonis’s new book manages to teach us so much about plants, and nematodes identified requirements for RNA-
almost all the mechanisms in molecular biology by using dependent RNA polymerase and members of the
structural biology. Argonaute family, providing evidence for an ancient and
singular origin for RNA-mediated gene silencing
Ambra Bianco and Andreas G. Ladurner (RMGS).
Gene Expression Programme and Structural & Nearly as remarkable as the discovery and ubiquitous-
Computational Biology Programme ness of RNAi is the rapidity with which the mystery has
European Molecular Biology Laboratory given way to mechanistic insight, including the discov-
Meyerhofstrasse 1 ery of small interfering RNAs (siRNAs) and their use
69117 Heidelberg to initiate effective RNAi in mammalian cells. The long
Germany dsRNA was found to be diced into 21–25 nucleotide-
long siRNA, which then act as guide sequences to target
an unknown nuclease to the target mRNA. The target
mRNA is then sliced 10 nucleotides from the 5 end
of the siRNA. The observation that introducing siRNAs
A Remarkable History directly into C. elegans or Drosophila cells initiated RNAi
suggested that RNAi might be feasible in mammalian
cells. Mammalian cells are exquisitely sensitive to the
RNAi: A Guide to Gene Silencing presence of cytoplasmic dsRNA: a single molecule of
Edited by G.J. Hannon dsRNA is sufficient to induce a stringent antiviral re-
Cold Spring Harbor, NY: Cold Spring Harbor sponse and lead to nonspecific inhibition of gene func-
Laboratory Press (2003). 436 pp. $130.00 tion. However, siRNA is too short to initiate the antiviral
response! The demonstration of siRNAi-mediated RNAi
in mammalian cells has revolutionized somatic cell ge-
netics and the ability to rapidly generate transgenic ani-“Because the mechanism is not known, we will refer to
mals that express constructs that produce short hairpinthis technique as RNAi, for RNA-mediated interference.”
(Rocheleau et al., Cell 90, 707–716, 1997). RNA (shRNA) suggests the onset of a second revolution.
Book Reviews
9
The efficacy of RNAi in mammalian cells has naturally animals and is in competition with the fifth and thirteenth
led to the successful demonstration that the specificity chapters on the biochemistry and enzymology of RNAi
of RNAi can be exploited to inhibit dominant oncogenes as the most informative and enjoyable chapter. There
while the potency of RNAi can inhibit virus replication are also well placed chapters devoted to RNase III and
and function in cultured cells and mice. These observa- RNA-dependent RNA polymerase enzymology.
tions bode well for effective gene-specific therapeutic The remaining chapters cover organism-specific de-
applications. tails for achieving and using RNAi. There is a compre-
The structural similarity between siRNAs and micro- hensive chapter on the ins and outs of whole-genome
RNAs (miRNA), small single-stranded RNAs imperfectly RNAi screening using the remarkable ability to initiate
complementary to their target mRNAs that repress RNAi in C. elegans by soaking them in dsRNA or feeding
mRNA translation (Ambros, Cell 107, 823–826, 2001), led them bacteria that express gene-specific dsRNA. There
to the finding that these two gene regulatory processes are two separate chapters on RNAi in Drosophila; one
share a common dsRNA processing enzyme and associ- describing diverse strategies for exploiting RNAi in Dro-
ate with homologous proteins. The similarity in plants sophila cell lines and the other in whole flies. The thir-
is even more extensive as miRNAs can act by an RNAi- teenth chapter on mammalian RNAi, along with an excel-
like slicing of the target mRNA rather than repressing lent comparative review of RNAi enzymology, provides
translation (Llave et al., Science 297, 2053–2055, 2002). a summary of documented best practices. RNAi in avian
Experiments with human cell extracts indicate that the embryos is poised to revitalize this decades old model
perfect versus mismatched complementarity between for embryology and this “shocking” chapter, focused
the guide RNA and the mRNA target determines whether on initiation of RNAi by electroporation of long dsRNA
the mRNA is sliced or repressed, suggesting overlap in chick, causes me to wonder how truly wide-spread
between the siRNA and miRNA-associated machinery the antiviral response in vertebrates is. The final chapter
(Hutvagner and Zamore, Science 297, 2056–2060, 2002). introduces what I believe is the brightest future for RNAi:
siRNAs and miRNAs, along with other less homogenous the use of RNAi in nontraditional model and nonmodel
noncoding RNAs, are implicated in a wide-range and organisms. First, it is in the odd little creatures that
growing number of RMGS phenomena including diverse unexpected phenomena like catalytic RNA, RNA editing,
aspects of RNA metabolism, alterations in chromatin genome reorganization, or RNAi have been and will con-
structure and function, programmed genome rearrange- tinue to be discovered. This is exciting and gloriously
ment, imprinting, X inactivation, and inhibiting expres- unpredictable. The second exciting but predictable ave-
sion of repetitive DNA sequences including trans- nue is the ability to pursue functional analysis among
posons. Despite the tremendous achievements and diverse and closely related animals. This will be ex-
progress of the last five years there remains much to tremely informative for inferring the paths of evolution
be discovered. past, present, and future.
It is in this regard that publication of RNAi: A Guide
to Gene Silencing, edited by Gregory Hannon, is timely.
Craig P. HunterThis book is a collection of essays, contributed by mem-
Department of Molecular & Cellular Biologybers of the community, that describe the historical con-
Harvard Universitytext and current understanding of RNA silencing, along
Cambridge, Massachusetts 02138with a healthy dose of practical information. However,
the quality of the experimental procedures sections is
quite uneven; some provide insufficient detail for the
non-expert or provide information readily accessible in
a single source. For those new to the field the first few
chapters provide an introduction to the spooky biology Ancient Ways: Innate Immunity
behind gene silencing. For those of us that suffered in Plants, Flies, and People
through the dark years as participants and observers,
it is a memento of progress.
Each chapter contains sufficient background material
Innate Immunityto be read autonomously. The first third of the book
Edited by R.A.B. Ezekowitz and J.A. Hoffmannintroduces the biology of RNA silencing, including co-
Totowa, NJ: Humana Press (2003). 410 pp. $145.00suppression, DNA methylation, formation and mainte-
nance of heterochromatin, as well as historical views
of the major RNAi discoveries in C. elegans and bio-
In 1989, Charles Janeway published a seminal paperchemical analysis of RNAi competent extracts. The first
arguing that a central and evolutionarily ancient aspectchapter captures the intellectual dissonance that ac-
of the immune system had been long neglected by thecompanied the early descriptions and investigation of
research community (Janeway, C.A., Jr., Cold Springcosuppression in plants. The initial experiments were
Harb. Symp. Quant. Biol. 54, 1–13, 1989). Janeway pro-innocent enough. With the goal of producing an ever
posed that innate immunity preceded the evolution ofmore purple petunia, transgenes for anthocyanin syn-
adaptive immunity and, more importantly, that recogni-thesis were introduced into plants. The resulting unex-
tion of pathogens by germline-encoded receptors, notpectedly white flowers lacked expression of even the
recombinant antigen receptors, was the key to under-endogenous gene. This homology-dependent gene si-
standing the specific activation of immune responselencing is called “cosuppression”. The second chapter
is an incredibly lucid description of cosuppression in by infectious microorganisms. Activation of the innate
